Introduction
Mammalian oocytes removed from antral follicles resume meiosis spontaneously in vitro (reviewed by Donahue, 1972) . However, the functional normality of oocytes matured in this fashion has been questioned (Thibault, 1977; Biggers & Powers, 1979) since the physical, mor¬ phological and hormonal relationships between the oocyte-cumulus-granulosa complex and follicle wall are disrupted to obtain the material. If intact follicles from several species are suitably cultured, however, resumption of meiosis must be initiated by gonadotrophin stimu¬ lation, as occurs in vivo, and isolated oocytes will mature spontaneously when released from follicles cultured in gonadotrophin-free medium (reviewed by Tsafriri, 1978) . The technique of whole follicle culture may therefore provide a solution to the problem of maintaining follicular integrity while examining oocyte maturation.
The role of steroids in the mediation of the gonadotrophic stimulus on the resumption of meiosis in amphibians is well established (reviewed by Schuetz, 1972) . Various studies using cultured rat follicles, however, suggest that in mammals the gonadotrophic stimulus for resumption of meiosis is not mediated by steroid synthesis (reviewed by Tsafriri, 1978) . Never¬ theless, within the preovulatory follicle the oocyte is exposed to high concentrations of steroids (Chang, Jones, EUefson & Ryan, 1976 ; see also McNatty, 1978 , for review). The effect of such exposure on the meiotic process is not known. Various steroids (Smith & Tenney, 1978; Smith, Tyler & Erickson, 1978) and prostaglandins (Cho, 1976) inhibit the spontaneous meiotic maturation of mouse oocytes in vitro and in the highest concentrations tested cause oocyte degeneration. Steroids might therefore play a part in controlling the rate of progression of oocytes through meiosis or be involved in follicular atresia.
The aims of the present study were (1) to develop a simple technique for culturing whole follicles explanted from mice such that follicle cells did not degenerate and oocytes did not resume meiosis unless appropriately stimulated; (2) to observe the effects of various concen¬ trations of different steroids on the stage of meiotic maturation and morphology of follicleenclosed oocytes; and (3) to determine whether steroid treatment produced atresia in cultured follicles.
Materials and Methods

Animals
Random-bred CD1 Swiss albino mice (Charles River Breeding Laboratories) were killed at 29-31 days of age by cervical dislocation and their ovaries were removed aseptically for culture. Although mice were chosen without determining the stage of oestrus, corpora lutea were rarely seen in the dissected ovaries, indicating that most mice had not experienced the first ovulatory cycle.
Culture procedures
The ovaries from 3 or 4 mice were pooled in a Petri dish (Falcon Plastics) containing control medium equilibrated in the culture environment for 1-2 h. The ovaries were dissected with fine cataract knives until fragments containing 1-4 antral follicles (each 300-600 µ in diameter) were obtained. In each experiment, these fragments were randomly distributed to the various treatment groups. The follicles were cultured on the surface of stainless steel, 60-mesh wire rafts in organ culture dishes (Jensen, Gwatkin & Biggers, 1964) (Grand Island Biological Co.) . In addition, a simple medium used for mouse ovum culture (MOC) described by Biggers, Whitten & Whittingham (1971) and modified slightly (see below), as well as modified Waymouth's medium MAB 87/3 (Eppig, 1977) , were used. All the commercially prepared media were supplemented with sodium pyruvate, 0-055 mg/ml (Type II crystalline, Sigma Chemical Co.), glutamine, 0-22 ng/ml (Bae & Foote, 1975) (Brinster, 1965 Table 2 . In both experiments there was no statistically significant difference in the maintenance of the GV between the two media (average 62%). There was also no statistically significant difference between the two media in the incidence of PB formation in those oocytes in which GVBD occurred (average 25%) or in the number of abnormal or degenerating oocytes observed after culture (<10%). Histological examination also showed little difference in the degree of atresia in follicles cultured in either medium. Consequently, PVP (2 mg/ml) was substituted for BSA in experiments in which follicles were cultured in the presence of exogenous steroids. Fig. 2 ). At lower doses of progesterone (1 and 10 µ ), most oocytes recovered from cultured follicles appeared normal and the average incidence of degeneration (9%) Table 5 . All follicles were cultured for a total of 17-20 h before examination. After different periods, the medium containing 100 µ -progesterone was replaced with steroid-free medium for the remainder of the culture period. As the time of exposure was increased, the incidence of degeneration increased until, after 17-20 h, almost all recovered oocytes were necrotic. (Sanyal, Berger, Thompson, Taymor & Home, 1974; McNatty, Hunter, McNeilly & Sawers, 1975; Baird & Fraser, 1975; Kemeter, Salzer, Breitenecker & Friedrich, 1975; McNatty et al, 1976) . From (Smith, Freeman & Neill, 1975 When follicles were cultured in androstenedione or testosterone, only the highest concen¬ tration (100 µ ) had a significant effect, and the incidence of GV maintenance after culture increased. However, these concentrations are 1000 times greater than those estimated above for these steroids in follicular fluid and are likely, therefore, to be greatly in excess of those found under normal conditions. Nevertheless, these concentrations did not appear toxic, since the majority of oocytes with GVs were capable of resuming meiosis after removal from the follicles cultured with androgens. These results do not support the evidence that androgens may act locally to produce follicular atresia (Payne, Hellbaum & Owens, 1956; Speroff & van Wielle, 1971) .
In contrast to androgens, oestrogens have been shown to decrease atresia (Ingram, 1959; Harman, Louvet & Ross, 1975 (Williams, Runyan & Hagen, 1972) . These data lead us to suggest that sustained high concentrations of progesterone within the follicle might be involved in the atresia which ultimately occurs in all unovulated follicles. This hypothesis is, however, in apparent conflict with the fact that there is a pro-oestrous rise in plasma progesterone concentration in the mouse (Michael, 1976 ) which obviously does not destroy oocytes destined for ovulation within the next 10-15 h. Since follicular fluid progesterone concentrations were not reported in the above study, it is impossible to determine whether oocytes were exposed to high progesterone during the pro-oestrous period or whether it was produced by the thecal or stromal compartments and removed by the ovarian circulation, thus preventing accumulation in the antral fluid. Szoltys (1976) has shown in homogenized preovulatory follicles obtained from rats every 2 h during pro-oestrus that the peak concentration of progesterone is transitory, lasting less than 3 h. These data are in keeping with the results shown in Table 5 which suggest that atresia might only be initiated after exposure to progesterone for about 4 h.
In conclusion, the results of these experiments have confirmed that steroids do not induce meiotic maturation and that, at concentrations which are assumed to be physiological, andro¬ stenedione, testosterone, and pregnenolone neither inhibited nor induced GVBD in follicleenclosed oocytes in culture. At concentrations assumed greater than physiological (but still not toxic) androstenedione and testosterone (100 µ ) inhibited GVBD. With progesterone at con¬ centrations which may be in the physiological range GVBD was inhibited, and at higher con¬ centrations (100 µ ) oocytes and follicle cells became atretic if intact follicles were exposed for more than 4 h. A complication of this type of experiment is not knowing how much exogenous steroid enters the follicular fluid of follicles in culture, or how that steroid affects the dynamics of steroid interconversions in a system already primed with hormones and steroid-converting enzymes. It remains to be determined whether these effects of steroids are physiologically significant in relation to the cyclic fluctuations of hormones in the follicular environment.
